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S lfM M A R Y
T he role o f straw  yield and quality  in farm ers’ decisions about the adoption of pearl m illet 
cultivars in w estern R ajasthan  was exam ined using farm  household surveys. Inform ation  on the 
relative im portance of g rain  versus straw  yield, the perceived risks associated with the use of 
new cultivars under variable clim atic conditions and  perceptions o f straw  quality  indicated th a t . 
im proved cultivars o f pearl m illet were no t adopted  prim arily  because of poor grain yield in 
years w ith low rainfall, though poor straw  yield in such years was also im portan t. These results 
are particularly  pertinen t in the light o f farm ers’ perceptions o f the likelihood o f experiencing 
drought or low rainfall. I f  new  cultivars of pearl m illet are to replace the traditional ones, they 
m ust perform  bette r under conditions o f lim ited rainfall.
IN T R O D U C T IO N
The integration of crop and livestock production is a characteristic feature of 
farming systems in the semi-arid tropics. A lthough crop production activities are 
im portant components of these systems, anim al production activities often 
provide the m ain source of employment and income (Nordblom, 1983). Neverthe­
less, farmers in the semi-arid tropics cannot afford to allocate much, if any, of their 
lim ited cropland to forage crops, and few have access to sufficiently large 
communal grazing lands. Indeed, the area and quality of grazing lands have 
declined during recent times (Bhaskara Rao, 1994; Jodha, 1985), so that farm 
households typically rely on dual-purpose cereal and legume crops to provide 
both grain for their own consumption and stover for their livestock. This trend is 
likely to continue for some time to come (Kelley et al. 1993).
Pearl millet (Pennisetumglaucum [L.] R.Br.) is one such dual-purpose cereal crop 
and is grown extensively throughout the semi-arid regions of India. I t  is well 
adapted to heat, drought and poor soil fertility (Rachie and M ajum dar, 1980). 
M odern cultivars, both hybrids and open pollinated varieties, developed by the
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Indian national program m e in collaboration with the International Crops Re­
search Institute for the Semi-Arid Tropics (IC R ISA T), have been extensively 
adopted. Conservative estimates put the area of pearl millet sown to IC R ISA T- 
derived cultivars a t around 3.5 million hectares in India, equivalent to about one 
th ird  of the total area of pearl millet grown (IC RISA T, 1993). In  G ujarat, Tam il 
N adu and A ndhra Pradesh, alm ost 90% of the pearl millet area is planted to 
improved cultivars, and this has led to significant gains in productivity (Jansen, 
1988). . .
Adoption rates are lower in the states of H aryana, K arnataka, and M aharash­
tra, particularly in their drier zones, and have barely reached 30% in R ajasthan, 
where about 40% of the country’s pearl millet area is sown (Fertilizer Association 
of India, 1992). In  the western and most arid part of the state, adoption of 
improved cultivars is even lower and traditional landraces with lower grain yield 
potential are most commonly grown. I t  is precisely in these areas, where 
dependence on the pearl millet crop is so great, th a t crop improvement is most 
needed but few studies to-date have looked into the factors associated with the 
limited adoption of new cultivars in these regions.
Breeding for improved productivity in m arginal environments is generally 
ham pered by large genotype X environm ent interactions, high chances of crop 
failure and the poor adaptation of m uch of the available breeding m aterial to the 
extremes of stress factors prevalent in such environments (Weltzien, 1986; 
Ceccarelli, 1994). Thus, genetic advances achieved under favourable conditions 
are not necessarily of benefit to farmers in m arginal areas and breeding strategies 
which rely on an understanding of the prevalence of particular environm ental 
stresses and on concepts for increased utilization of well adapted germ plasm  are 
more likely to succeed (Ludlow and M uchow, 1988; Ceccarelli et al., 1992; 
Bidinger et al., 1994).
The Indian national program m e and tha t of IC R ISA T have traditionally 
focused on improving disease resistance and grain yield potential by selection 
under good m anagem ent conditions. H ardly any emphasis has been given to 
straw  yield or quality, nor to grain yield, under the poor growing conditions 
typical of the m ajor production areas in northw estern India. A detailed evalu­
ation of the local germ plasm  from these areas showed that grain yields of,the local 
cultivars under m arginal conditions were higher than those of m odern cultivars 
(Weltzien and W itcombe, 1989; Bidinger et al., ,1994). This indicates that 
breeding efforts for pearl millet need to be better targeted to take into account the 
m ajor production environments.
Performance involves more than  ju st grain yield and m ust be viewed in the 
context of the total value of production, which involves grain yield and quality 
and straw yield and quality. Straw yield and quality m ay be particularly 
im portant in western Rajasthan where anim al husbandry is a m ajor source of 
income. There is evidence tha t straw quality plays a role in farm ers’,adoption 
decisions. K shirsagar et al. (1987), for example, found tha t higher straw yield and 
better straw  quality were among several reasons given by farmers for preferring
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an improved pearl millet variety to a hybrid in M aharashtra, and there is similar 
evidence for other dual-purpose cereal crops both within and outside India 
(Kelley and Parthasarathy Rao, 1994; Reed et al., 1988, Nygaard, 1983).
Clearly, more direct evidence is needed to explain the limited adoption of 
improved pearl millet cultivars in arid environments. A critical component in this 
process is eliciting information from farmers about their production objectives: 
the relative im portance of grain versus straw  yield, the perceived risks associated 
with the use of new cultivars under variable climatic conditions, preferred straw  
quality characteristics, and preference for a single or dual purpose p lant type. In  
addition, the hypothesis tha t straw  yield and quality considerations play a key 
role in farm ers’ adoption decisions needs to be examined more critically.
This paper addresses these issues, drawing on results offarm  household surveys 
carried out in selected locations in the semi-arid regions of India to test whether 
straw  yield and quality considerations influence farm ers’ decisions to adopt or 
reject m odern cultivars of pearl millet.
M E T H O D O L O G Y
Jo d h p u r D istrict was selected for the surveys because of its central location in 
western R ajasthan and because the Central Arid Zone Research Institute 
(CAZRI) is located there. I t  is one of 11 desert districts in western Rajasthan. 
Three criteria were considered in selecting the four villages for the household 
survey: average rainy season rainfall, road accessibility, and distance from 
Jodhpur. The district was divided into two zones on the basis of rainfall, and 
hence production potential: high (above 400 mm annual rainfall) and low (below 
400 mm). Two villages were selected from each zone that were reasonably 
accessible from the road. One village was selected because of its close proximity to 
Jodhpu r town, largely to allow for the possible effect on adoption decisions of 
fodder m arketing considerations. Once the villages had bqen chosen and indi­
vidual farm households identified, a random  sample of 20/households, stratified 
by farm size, was taken for each of the four villages. The household surveys were 
conducted during the 1990-91 cropping season.
Individual farm er questionnaires (pre-tested and subsequently modified) were 
adm inistered by field research assistants under the supervision of IC R ISA T and 
CA ZRI senior staff. Farm er responses were recorded onto the questionnaire 
forms and later coded, entered, and cleaned before analysis. The survey Was 
designed to examine farm ers’ perceptions and preferences on the following issues:
•  The incidence of good, norm al, and low rainfall and drought conditions within 
their village and their im portance in relation to expected crop yields, that is, 
the rainfall conditions associated with good, average, low and zero (or 
negligible) crop yields.
•  The im portance of straw yield as a production objective relative to grain yield 
under both good and poor rainfall conditions.
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•  V arietal performance with respect to straw yield and quality in improved and 
traditional varieties.
•  In  the two villages where traditional varieties of pearl millet were extensively 
grown, farmers were asked to rank four key reasons for not growing improved 
cultivars. A previous survey had identified four major disadvantages associ­
ated with improved cultivars: low grain yield in poor rainfall years, low fodder 
yields in poor rainfall years, poorer grain quality and poorer fodder quality.
•  Farm ers were asked to rank five straw  quality characteristics: leafiness, stem 
thickness, colour, height and sweetness in order of preference.
•  General questions were asked in relation to such m atters as fodder availability, 
fodder purchases/sales (by type), and num ber and type of animals kept, 
especially with respect to changes over time.
•  Perceptions of problems relating to seed quality or availability and farm ers’ 
seed m anagem ent strategies (that is, re-use of seed) were elicited through both 
individual and group interviews (see below).
Because of the qualitative nature of the data  — much of it is m easured on an 
ordinal or categorical scale — the analysis relied on simple tabulations and 
comparisons of frequencies of responses. W henever possible, statistical tests of 
significance were carried out using non-param etric tests such as the Chi-square 
test (to examine consistency in preference patterns across the four villages) and 
Friedm an’s two-way analysis of variance for analysing ranked data (Siegel and 
Castellan, 1988).
To complement the individual surveys, informal (pre-survey) discussions were 
held with groups of farmers in each village to elicit more descriptive information 
covering a range of topics from seed quality and availability to village characteriz­
ation. This information, supplem ented by secondary data  such as those on 
rainfall, soil type, and irrigation extracted from the Jo d h p u r D istrict Census 
Handbook (Government of Rajasthan, 1986) was used in characterizing key 
aspects of the farming systems in these villages.
R E S U L T S
D uring the two-year period 1990-1991, annual rainfall ranged between 290 and 
400 mm across the four villages (unpublished data  from local taluka offices). Pearl 
millet was the m ain cereal crop grown and was used as a food grain, with the 
stover being used as livestock feed. Pearl millet is mostly grown as a mixed crop 
with greengram ( Vigna radiata), m oth ( Vigna aconitifolia), cluster bean (Cyamopsis 
tetragonoloba) and a range of cucurbits. These crops are im portant in the drier, 
more remote northw estern region of Jodhpu r district where two of the four 
villages sampled in this study, Baleswar and Ram alw ara, are located. The other 
two villages, Pichayak and Doli, are further east and have better access to 
Jo d h p u r city. Here, rainfall is slightly higher, and other crops such as sorghum 
(Sorghum bicolor), wheat (Triticum aestivum), and sesame (Sesamum indicum L.)
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become im portant. Better infrastructure and greater use of inputs is evident. 
Characteristic features of the four villages are presented in Table 1.
In  the driest part of Jodhpur District the soils are sandy and have a limited 
water holding capacity (Kalla and Goyal, 1987). During the 1990 rainy season 
15% (Baleswar) and 30% (Ramalwara) of the cultivable area were left fallow. 
M ost of the farmers grew traditional (desi) pearl millet cultivars. Pure (Fj) 
hybrids were seldom used, although use of advanced generation hybrids was not 
uncommon. Raising goats, sheep, and cows was an im portant economic activity 
and represented a m ajor source of income for these households. By contrast, in 
Doli and Pichayak most farmers used Fj hybrids and improved open-pollinated 
varieties of pearl millet, mainly under sole cropped conditions. Advanced 
generation hybrids were also used to a limited extent. In  this relatively better 
endowed region, cows and buffaloes tend to be more im portant than goats and 
sheep.
Farmers1 perceptions
Across all four villages, the general expectation was that poor performance 
resulting from drought or low rainfall was likely to occur in more than half the 
years. There was a clear and consistent perception about the riskiness and low 
productivity potential of these environments. Farmers in the higher rainfall 
villages had m uch the same perception about the frequency of rainfall as farmers 
in the drier areas, indicating tha t farm ers’ expectations were relative to what was 
norm al in their area.
The relative im portance of straw  yield varied according to the type of year 
(Table 2) . In  a good or norm al rainfall situation, only 5% of the respondents 
considered straw  yield to be more im portant than  grain yield; another 13% 
considered grain yield to be more im portant. For the vast majority, grain and 
straw  yield were of equal im portance, with no significant differences in preference 
patterns across the four villages. Thus, even under better growing conditions, 
when fodder from other sources was likely to be available, straw yield consider­
ations were as im portant as grain yield.
For years w ith poor rainfall, a different picture emerged. Over half the farmers 
interviewed considered straw yield to be more im portant than grain yield. In  the 
better endowed villages of Pichyak and Doli, almost 75% of the farmers regarded 
straw yield to be more im portant than  grain yield during years of low rainfall. 
W hile the relative im portance of straw  yield during low rainfall years also 
increased in the drier villages, only about 40% there indicated that straw yield 
was more im portant than  grain yield. Indeed, the same num ber o f farmers 
considered straw  and grain yield to be of equal importance. Another 20% 
considered grain yield to be more im portant. This result may reflect the greater 
dependence on pearl millet as a source of hum an food grain, as well as the often 
semi-nomadic form of anim al husbandry practised in the drier parts of Rajasthan.
Farm ers’ perceptions about the straw  yield performance of traditional and 
improved cultivars also varied depending on' the type of year. Across the four
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villages only 17% of the respondents considered that the traditional varieties of 
pearl millet produced a higher straw yield under good rainfall conditions (Table 
3). Even in Ram alw ara, the driest of the villages, and the village where improved 
cultivars have found least acceptance, the percentage was less than 30%.
M ore than 80% of the respondents in each of the four villages surveyed 
considered that traditional cultivars yielded more straw than improved cultivars 
under low rainfall conditions and virtually all of the farmers in the drier villages 
expressed this view. Since pearl millet straw  plays such a fundam ental role in 
these livestock-based systems, this perception is likely to influence farm ers’ 
decisions about adopting new cultivars. In  addition, approximately 90% of the 
farmers interviewed across the four villages considered that traditional cultivars 
of pearl millet had better straw quality.
Results also indicated that in the two drier villages where traditional cultivars 
predom inate, improved cultivars were not adopted prim arily because of poor 
grain yield performance in low rainfall years (Table 4). V irtually all the farmers 
interviewed in these villages listed low grain yield in low rainfall years as the 
prim ary reason for non-adoption; another one-third also included low straw yield. 
Poor grain and straw quality associated with hybrids and improved varieties were
T ab le  2. Farmers’ perceptions (% ) of the relative importance o f pearl millet straw yields in a normal rainfall and low 
rainfall year in four villages in Jodhpur District, Rajasthan
Village
Good rainfall Low rainfall
Sample
size
G rain
>
straw f
G rain  
s tra w .
G rain
<
straw
G rain
>
straw
G rain
straw
G rain
<
straw
Baleswar 10 90 0 20 40 40 20
R am alw ara 10 86 4 24 38 38 21
Doli 6 84 10 11 26 63 19
Pichayak 25 70 5 5 10 85 20
M ean 13 83 5 15 29 56 20
|  >  m ore im portant; =  o f equal im portance; <  less im portan t.
Table 3. Farmers’ perceptions o f the relative importance of the straw yield o f traditional and improved 
pearl millet cultivars in a normal and low rainfallyear in four villages in Jodhpur District, Rajasthan
Farm ers indicating  h igher straw  
yield obtained from  trad itional cultivars (% )
Sam ple sizeGood rainfall year Low rainfall year
Baleswar 16 100 19
R am alw ara 28 100 20
Doli 0 82 17
Pichayak 20 80 20
M ean 17 91 19
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other reasons cited but ranked as less im portant. Seed availability was not a 
constraint to adoption in these four villages as they all have relatively good access 
to m ajor agricultural markets, bu t this may be more im portant in more remote 
areas of Rajasthan.
Straw and seed quality characteristics
Thin stems were considered the most desirable quality tra it of pearl millet 
straw  in all four villages but in two of them, Ram alw ara and Pichayak, leafiness 
and thin stem were equally preferred. Light straw  colour was also given some 
consideration by farmers in Pichayak, whereas height and sweetness were not 
regarded as im portant characteristics. I t  is not clear whether thin stems are 
valued in their own right or because they are associated with the more palatable 
traditional varieties; thick stems are associated with the less palatable hybrid 
straw.
Those farmers who grew hybrids in Baleswar and Ram alw ara often used more 
advanced generation hybrids rather than  new F ! seed. In  Baleswar village, only 
4% of the pearl millet area was sown with Fi hybrids, but 51% was sown with 
advanced generation seed of these hybrids (Table 1). Even in Doli and Pichayak, 
the relatively better endowed villages, 25 to 30% of the area was sown with 
advanced generation pearl millet hybrids and the rest with Fi seed.
Farm ers were aware of the yield loss associated with the use of second and th ird  
generation hybrid seed bu t believed yields stabilize after two or three years. M ore 
im portantly, there was a belief that the risk of grain and straw yield loss during 
low rainfall years was less when second or th ird  generation seed, rather than  Fi 
seed, was used. Second and th ird  generation hybrid seed was also more accept­
able in terms of grain and straw  quality [see Almekinders et al. (1994) on the 
im portance of local seed systems in ensuring a diverse and flexible seed supply].
Though there appeared to be more than one type of hybrid in use, few farmers 
could identify the specific nam e of the hybrid they used and they were not usually 
aware of the differences between Fi hybrids and open-pollina;ted varieties (both
T able  4. Reasons given by farmers for not. growing improved pearl milet cultivars, ranked by 
order o f importance (1 =  most important, 4 =  least important) in two villages in Jodhpur District,
Rajasthan
No. o f respondents giving a rank  of
Reasons for not O verall
growing hybrids 1 2 3 4 rank
Low grain yield in 33 0 1 0 1
low rainfall years
Low straw  yield in 11 18 3 2 2
low rainfall years
Poor grain quality 1 11 15 7 3
Poor straw  quality 0 15 . 12 7 3
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are called shankar), although both were distributed through the same public and 
private channels. M odern varieties were readily available in all the .villages, so 
seed availability did not appear to be a constraint to adoption though a few 
farmers expressed concern about the poor quality of the hybrid seed being sold. 
This concern m ay be justified as advanced generation material of Fi hybrids is 
sometimes sold as seed of improved open-pollinated varieties (C. T. Hash, 
personal communication, 1994).
D IS C U S S IO N  A N D  C O N C L U S IO N S
O ur results indicate that improved cultivars of pearl millet are not adopted 
prim arily because of poor grain yield in low rainfall years. Recent data from 
W eltzien et al. (1994) in a similar study area support this conclusion and indicate a 
strong farm er preference for earliness. Poor straw yield under low rainfall 
conditions ranked second in our list of factors responsible for non-adoption. These 
results are particularly pertinent in the light of farmers’ perceptions about the 
likelihood of drought or low rainfall conditions. In  all four villages sampled, 
farmers expect drought or low rainfall to occur in more than half the years and it is 
during such years tha t the relative im portance of straw yield increases, as found 
also by Kelley and Parthasarathy Rao (1994). Dependence on crop residues 
increases in low rainfall years since alternative sources of fodder (such as green 
grass, cultivated forage crops and fodder from grazing land) are not readily 
available so that straw prices tend to rise sharply relative to grain prices. During 
particularly severe droughts, adequate supplies of straw are simply not available. 
The problem  is not as serious for grain because grain markets in India are 
regulated and better developed (Kelley et al., 1993) .
O ne interesting and unexpected result was that farmers in the better endowed 
villages placed greater im portance on straw yield during low rainfall years than 
those in the drier villages (Table 3). This may be because there are usually-larger 
num bers of dairy animals in the better endowed villages scy that the impact of 
reduced supplies of pearl millet straw would be worse than in the drier villages 
where milk animals are relatively less im portant. Goats and sheep tend to 
predom inate in the drier villages and these animals generally depend less on 
straw. The results also indicate tha t there is a wider spread of opinions and 
preferences in the drier villages when low rainfall conditions prevail (Table 3)', 
possibly because of differences in the relative importance of animal husbandry 
among individual farm families w ithin the drier villages and in the degree of 
dependence on pearl millet as a staple food. This emphasizes the need to 
understand differences in the endowments of individual families and their effect 
on food security and self-sufficiency goals. This issue has im portant implications 
for crop improvement research, particularly in view of IC R ISA T’s m andate to 
target poor farm households.
This study has three im portant implications for crop improvement in pearl 
millet. The first is the need to bear in m ind that riskiness of production is a major
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consideration for farmers when m aking decisions about the adoption of new 
varieties in this arid environment. Farm ers give more weight to yield performance 
under low rainfall conditions, which explains the continued use of traditional 
cultivars in the two drier villages. In  the other two villages many farmers are using 
second or third generation hybrid seed, since this is perceived to reduce the risk of 
yield loss during low rainfall years, compared with Fi seed. Risks are associated 
w ith both grain and straw yields. I f  new cultivars of pearl millet are expected to 
replace the traditional ones, it is essential tha t they are selected for better 
performance during low rainfall or even drought conditions. The selection o f new 
hybrids or open-pollinated varieties at present is carried Out under well-managed 
growing Conditions on research stations with no consideration of results in 
drought-stressed conditions. Indeed, results from trials with m ean yields below 
the Rajasthan state long-term average for grain yield have been rejected so that 
trials relevant to poor rainfall years have not been included in the data  from which 
national (and state) cultivar release decisions are made. This is a m ajor flaw in the 
trials system for dryland pearl millet (C. T. Hash, personal communication, 
1994).
The second implication is that straw  yield needs to be considered as a m ajor 
selection criterion for breeding programmes targeting areas in western Rajasthan. 
A t present, straw  yield is rarely m easured in routine selection program m es of 
pearl millet. Furtherm ore straw  yield data are rarely considered in the release 
process for new cultivars, or if  so, only as a secondary trait.
Thirdly, farmers are aware of quality differences and associate better quality 
traits with traditional cultivars. Visible quality traits could easily be used by 
breeders to develop genotypes with enhanced acceptability and adoptability in 
western R ajasthan. H ybrids and improved varieties have thicker stems and are: 
usually fed to anim als only after chopping. Chopped straw is often mixed with 
green fodder or w ith salt w ater to make it more palatable to the animals. There is 
also considerable wastage of straw  associated w ith improved cultivars.
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